Abstract. The aim of this study was to determine the age and growth parameters of huchen, Hucho hucho (L.), individuals collected in the Dunajec River and from a fish farm in Príbovce. A total of 26 fish ranging in age from 5+ to 24+ were analyzed. Length-weight correlations were calculated with transformed regression equations and the von Bertalanffy growth model. The following equations were calculated for the fish from the Dunajec River -log W = -5.665392 + 3.256319´log L; log L = 1.739815 + 0. Back-calculated length-weight growth in subsequent years was higher in the fish from the Dunajec River, but both huchen groups generally exhibited positive allometric growth.
Introduction
The huchen, Hucho hucho (L.) is Slovakia's largest native salmonid fish species. Its range of occurrence spans the Danube, Váh, Orava, Turiec, Kysuca, and Hron rivers, and it has been introduced into the Poprad, Dunajec, and Hornád rivers (Holèík 1998 , Witkowski 2003 , Košèo and Holèík 2008 , Witkowski et al. 2013 ). This species is a highly predatory, economically valuable, and a prized trophy fish (Grman 1980) . The abundance of the huchen is decreasing primarily because of pollution, stream regulation and fragmentation, and poor fishery management (Holèík 1980a , 1981 , Rothschein 1980 , Košèo and Holèík 2008 , and its occurrence in streams is sporadic and isolated (Holèík 1981) . The decline of it in its area of occurrence has also contributed to decreased catches (Holèík 1980a , Rothschein 1980 . According to Holèík (1998) , the huchen is a critically endangered fish species, because its abundance is very low and continually decreasing. However, it is only classified as a vulnerable species on the latest Red List of lampreys and fishes of the Slovak Republic (Košèo and Holèík 2008) . While the huchen has been recognized as threatened for the past century, no solution has yet been found to safeguard its future (Holèík 1981) . Currently, the huchen is only cultivated at the Martin farm, which produces 1+ and 2+ fish for stocking. Despite the intensity of stocking programs, it is not yet possible to report that this species is safe from extinction in the wild (Holèík 1995) .
Fish age and growth data provide plentiful information regarding the characteristics and bionomics of a species, and, combined with other indicators, permit undertaking measures to ensure the rational management of fished stocks and the sustainable exploitation of streams and reservoirs (Holèík 1980b) . Unfortunately, there is a dearth of such data regarding the huchen. Therefore, the aim of the present study was to determine age and growth parameters for huchen individuals collected in the Dunajec River and at the salmonid fish farm in Príbovce, and subsequently to compare them.
Material and methods
The material analyzed was collected from the Slovak stretch of Dunajec River by angling in 1986 (n = 1) and in 2000-2008 (n = 13) . The individuals collected from the farm in Príbovce from 1988 to 2008 (n = 12) had died during stripping. All of these fish were delivered to our department for trophy mounting. Basic biometric data were recorded for each fish: SLstandard length; TL -total length; W -body weight, to the nearest mm or g. Then two vertebrae were dissected from the spine located between the head and the dorsal fin. These were boiled and then stripped of any remaining tissues with a toothbrush (Holèík and Hensel 1972 ). The vertebrae were described according to Danko et al. (2011) . Clean, dry vertebrae were cut on the medial plane with a fret saw into sections of approximately 0.2-0.3 mm, and then these were fixed in Canadian balm on microscope slides. Completely dry specimens were evaluated with digital picture analysis under an Olympus SZX 16 stereo microscope (Olympus, Japan) coupled with QuickPhoto Micro software (v. 2.3, © Promicra, Ltd., 2009, Czech Republic) . Age determinations were estimated from the center to the end of the vertebrae at the fossa under magnifications of 10.0-12.5 X. Length-weight growth was back calculated with corrections for the time of scale setting (Lee 1912 Peòáz and Pøíhoda (1981) . The von Bertalanffy growth model (Ricker 1975 ) was fit to the vertebral length-at-age data with a nonlinear least square regression algorithm using the Ichtyo software package (v.16/03, © Andrej Makara, 1990, Slovakia) . The von Bertalanffy growth equation is as follows:
], where L (t) = standard length in mm at age "t"; L ¥ = asymptotic (maximum) standard length in mm; K = coefficient of increase rate change; t 0 = age at which the fish would have been size zero.
Fish growth was estimated with the methods developed by Szczerbowski (1977) and Holèík et al. (1988) 
Results
A total of 26 specimens of huchen from the Dunajec River (n = 14) and the Príbovce farm (n = 12) were examined for age determinations and growth parameter estimations. Their basic biometric data are presented in Table 1 . The fish from the Dunajec River were in age classes from 5+ to 6+ and 8+ to 12+ (Table 2 ). Transformation equations were applied to convert between TL and SL: TL = 14.3844 + 1.07733´SL (P < 0.001; r = 0.9989; r 2 = 99.38%).
The back-calculated mean lengths are presented in Table 2 . According to the values obtained, huchen growth is slow in the first year, average in the 2 nd to 6 th years, and then slow again from the 7 th year. The length-weight relationship (LWR) was calculated with transformed regression equations: log W = -5.665392 + 3.256319´log L and log L = 1.739815 + 0.307095´log W (r = 0.989; P < 0.05). The parameters that describe length growth were identified using: L¥ = 1451.4 mm SL, K = 0.1093 year -1 , t 0 = 0.1251 year. Using these parameters, the von Bertalanffy growth model (VBGM) was calculated as follows:
]. The estimated condition factor value was 1.24.
The absolute annual length increments ranged from 54 to 167 mm, with a tendency to decrease as age increased (Fig. 1) . A similar trend was noted for the specific length growth rate (SLGR) values of which varied from 5.7% to 511.8% (Fig. 2) . The opposite was observed for weight parameters: absolute annual weight increments increased as age increased (P < 0.05), and values ranged from 37 to 2,997 g (Fig.  3) . The specific weight growth rate (SWGR) exhibited the same tendency as that of the SLGR with estimated values of 18.7-361.1% (Fig. 4) , and the SWGR decreased as age increased (P < 0.05).
Although the fish from the farm in Príbovce were older, the individuals examined represented only the 5-6, 8-9, 15-16, 20 , and 24 age classes (Table 3) . In comparison to the fish from the Dunajec River, the values obtained were lower and the growth estimated for the first six years was classified as slow, and from the seventh year as very slow. The transformation equation for the conversion between TL and SL was Annual length increments decreased with age, and the values recorded ranged from -2 to 159 mm (Fig. 1) . The values recorded for the estimated SLGR were from -0.2 to 506.7%, and a decreasing trend was noted as age increased (Fig. 2) . The annual weight growth increments were the opposite, with the absolute annual weight increments increasing as age increased. However, no statistical significance was recorded (Fig. 3) . The values obtained ranged from -179 to 3,170 g. The estimated value of SWGR ranged from -0.6 to 263.9%.
Comparisons of the two groups of fish revealed that faster back-calculated growth for both length and weight was detected in the huchen from the Dunajec River, and from the fifth year these differences were statistically significant (P < 0.05). The mean annual absolute increments were generally higher for fish from the Dunajec River, but these were not statistically significant (P > 0.05). The values of specific length growth rates were higher for the 184 Jaroslav Andreji, Ivan Stráòai Dunajec River fish, while specific weight growth rate values were higher among the individuals from the Príbovce farm, but none of these differences were statistically significant (P > 0.05).
The dependence of body weight on standard length (Fig. 5 ) in huchen also differed between the two groups. Up to an SL of approximately 1 m, increases in weight were greater in the fish from the Dunajec River than they were in the Príbovce farm fish; however, above this length, slightly greater weight increases were noted in the fish from the Príbovce farm.
Discussion
The huchen is the largest salmonid in Slovak waters, and it can grow to gigantic sizes (Holèík et al. 1988 ). According to data published to date, the largest huchen from Slovakia was recorded following the Hron River poisoning in 1949 at a weight of 46 kg (Ivaška 1951) . The second largest huchen, which weighed 32 kg, was caught in the Váh River near the Skalka in the 1930s (Holèík et al. 1988 ). An even considerably larger huchen than these from Slovakia was caught in the Danube River near Tulln in 1873 with a recorded weight of 60 kg (Harsányi 1982, Hensel and Holèík 1983) . It is postulated that historically huchen in Slovak waters have been as large as 160-170 cm in total length and 55-66 kg in weight (Rothschein 1980 , Pavlík 1998 . Currently, specimens no larger than 40 kg are thought to be possible to catch, and this is primarily because of pollution, river regulation, and shrinking areas of occurrence and decreases in abundance that affect the poorer results of fishing trophy catches (Holèík 1980a) . Among the individuals analyzed in the present study, the largest sizes of huchen were 1217 mm SL and 18 kg in weight for fish from the Dunajec River, and 1280 mm SL and 41 kg in weight for those from the Príbovce farm (one dead female just before stripping).
The oldest age of a huchen thus far determined is 20+ in an individual from the Dráva River (Schulz 1985 , Pavlík 1998 . The maximum size this species can attain is much larger, and the data presented above do not indicate that these individuals reached the maximum longevity possible of this species (Holèík et al. 1988) . The current findings confirmed this hypothesis, and the maximum age observed among the captive individuals examined was 24 years.
One of the characteristic features of huchen is its very rapid growth rate, which surpasses that of species such as pike Esox Lucius L., pikeperch, Sander lucioperca, and Wels catfish, Silurus glanis L. (Holèík 1980b) . This is attributed to the huchen beginning predatory feeding very early (Bastl and Kirka 1958) , which confers high growth potential and supports continued rapid growth (Rothschein 1980) . This growth rate is determined by species specificity, but also by environmental factors including the quantity and quality of available food, amounts of space, water temperature, hydrological regime, etc. (Jungwirt 1978 , Holèík 1980b , Adámek et al. 1985 , Jungwirth et al. 1989 . The current study results concerning growth indicate differences between the two sampling sites (Tables 2 and 3 , Figs. 1-4) . Higher values were recorded among individuals from the Dunajec River than in those from the farm at Príbovce, and beginning in the fifth year these differences were statistically significant. The comparison of individuals from the two sites indicated that fish growth in the first year was approximately equal and was classified as slow. This reflects the stocking of running waters with 1+ fish cultured on fish farms (Rothschein 1980 , Pavlík 1998 , Vinarèík 1999 . From the second year, growth among the Dunajec River fish was faster and was classified as average, while that of the fish from the farm at Príbovce was classified as slow. This stemmed primarily from differences in food and quantities of space, as has been demonstrated in other studies published previously (Bastl and Kirka 1958 , Jungwirth 1978 , Holèík 1980b , Pøíhoda 1990 , Pavlík 1998 . By the seventh year of life, growth decreased at both sampling sites, and this was likely linked to sexual maturation (Peòáz and Pøíhoda 1981, Pøíhoda 1990 ); however, some authors reported this phenomenon occurring between the third and fourth year (Harsányi 1982) and/or the fifth year of life (Holèík 1980b ). In the next year, the growth of the fish from the Dunajec River was classified as slow, while that of the fish from Príbovce farm was very slow. Comparing the present results with those of other authors is difficult and complicated (Table 4 ). The present results are comparable with some huchen populations only for a few back-calculated years, while for subsequent years the differences are incomparable and vice versa. This is a known phenomenon that is linked with the rapid growth rates of huchen that causes great differences among individual age groups (Holèík 1980b , Holèík et al. 1988 . Generally, both huchen groups exhibited positive allometric growth (b-value > 3), which corresponds to findings of other authors (Holèík 1980a , Witkowski et al. 1984 , 1985 , Krupka 1986 , Holèík et al. 1988 , Nevický 1989 .
Negative results were noted in the evaluation of annual mean increments and specific growth rate estimates for fish from the Príbovce farm for the 21+ age group. This was linked primarily to the absence of some fish age classes and the small sample size of the fish analyzed. The values of the estimated condition factor were higher for the individuals from the Príbovce farn (1.35) than they were for the fish from the Dunajec River (1.24). This difference likely stems from the different age categories of the two fish groups analyzed, where it is known the value of this increases with age (Holèík et al. 1988) . The condition factor is highly variable and depends on season and sex (Witkowski et al. 1985) , and values for females are generally higher than those for males (Holèík et al. 1988) . These factors could have impacted the present study results, because the fish from the Dunajec River were caught during the fishing season in the November -December period, while the fish from the Príbovce farm were obtained during the spawning season in April.
